A possible mechanism is proposed to modify the nuclear lifetime. When 133 Cs (81 keV ) planted in a compound is placed at the center of two parallel silicon plates of thickness 0.5cm separated by 1.0 mm, its lifetime 6.27 ns turns out to be prolonged by 2.5 % and 5.1 % at 78 K and ∼ 0 K, respectively. §1. Introduction
§1. Introduction
How to control the nuclear lifetime is one of the challenging problems in low energy nuclear physics . If the nuclear lifetime could be shortened, it would give a great impact to the nuclear waste problem. While if the nuclear lifetime could be prolonged, it would make a large profit in keeping longer the radioactive materials for multipurposes like medical and basic researches. Not only that, it would be a marvelous method to improve accuracy of measurement, particularly in Mössbauer experiment, because it implies to make the energy Level widths narrower and, thus, the spectrum becomes slimmer.
Long time ago, Segrè suggested a possibility of altering the decay rate of a radioactive substance. 1) Since the decay constant of the substance decaying through orbital electron capture is proportional to the electron density, this quantity may possibly be altered by putting the substance in different chemical compounds. There are several experimental reports on change of the nuclear lifetime by altering the chemical state of radioactive nuclei, 2), 3) and applying high pressure 4) or low temperature. 5) Effect of the chemical state on the decay constant 2) was
Effect of high pressure 4) turned out to be 2) and low temperature effect 5) was
These experiments 2)-5) examined actually effects of modification of electron densities due to chemical environment, pressure and temperature on the nuclear β decays. However, all these attempts gave only negligible changes of 0.01 ∼ 0.2 %. It is typeset using PTPT E X.cls Ver.0.89 now clear that chemical states, temperature and pressure cannot make any plausible change in either nuclear energy level structures or internal conversion coefficients.
Needless to say, it would be much more difficult to change the lifetime of the radioactive nucleus by means of altering chemical states, temperature and pressure because even electron density could not be easily changed. §2. Proposed process Recently, a novel idea has been proposed 6) that the lifetime would be modified by increasing the population of the nucleus being in the excited state. It can be realized if photons emitted from the source nuclei return to the source and be reabsorbed. Namely, the γ-rays emitted in transition of excited nuclei 133 Cs * (81 keV ) to the ground state return to the original nuclei 133 Cs (ground state) after reflected by the reflector and the nuclei which absorb these returned photons are excited again. Such a process can be repeated during the lifetime. As a result, the population of the nuclei in the excited state increases and, thus, the lifetime could be increased. Of course, all these processes, γ-emission, reflection and absorption, should be carried out with no energy loss. §3. Calculation
Let us investigate these processes quantitatively and estimate how much the lifetime can be modified. As a gamma-ray source, 133 Cs(in the first excited state, (5/2 + , 81 keV ) is used. The half-life of this energy level is known as 6.27 ns. The parent nucleus, 133 Ba, is implanted into the compound, 133 BaT iO 3 to kill the recoil when the γ-ray is emitted and reabsorbed.
The source with the thickness of 0.1 mm is placed at the center between two silicon disks separated by 1.0 mm. These silicon disks are made of 0.5 mm thickness and 9 cm 2 area. Since 81 keV is much larger than the energy of visible light, the photon elastic scattering on the surface of the silicon disk can be described by the Thomson cross section,
where θ is the scattering angle and r 0 = 2.8 f m is the electron classical radius. For the case of the photon returning to the original source, θ = π and therefore,
Because the number of electrons in the atom is involved in the scattering, the atomic number, Z, should be multiplied as Zσ π . The thickness effect of silicon disk should be taken into account. To do this, we must count the number of nuclei per cm 3 , i.e. n = ρ/M = ρN A /28 where ρ is the density, M is the mass of 28 Si nucleus and N A is the Avogadro's number. Since the photon penetrates into the silicon disk of 0.5 mm thickness, attenuation of the gamma radiation should be considered. It is given by the mass absorption coefficient µ ( = 2.58 cm 2 /g for silicon and 81 keV γ-ray ) as
where d = 0.5 mm and ρ = 2.33 g/cm 3 . Thus, the probability of photon reflection by silicon is expressed as
where f s is the Debye-Walter factor at temperature T , i.e.
with E γ = 81 keV , the mass of 28 Si nucleus, M , the Boltsmann constant k B and the Debye temperature θ D (= 625 K for 28 Si). The γ-ray absorption cross section is given byσ = 2πλ 
. b is the distance between the source nucleus and the disk, and r denotes the distance between the scatterer's location measured from the center of the disk. And the intensity of the photon at the reflecting point is proportional to the square inverse of the distance of the scatterer from the source ,i.e. 1/(b 2 + r 2 ). Thus, the modified decay constant is found as
where b = 0.5 mm and R = (9/π) 1/2 cm. Since the half-life is defined asτ 1/2 = ln2/λ = 1 ξ τ 1/2 , where ξ = 1 − ζP . τ 1/2 → τ 1/2 for ξ = 1, i.e. ζP = 0 which denotes no returning photon. If there is no disk, the photons cannot return and run away forever. Consequently, no effect appears on the lifetime. 3 , σ(π) = 7.8 × 10 −26 cm 2 , n = 5.007 × 10 22 cm −3 , θ D = 625 K and Z = 14. At T 0 K, we obtain ζP = 0.98075 × 10 −4 and, then, λ = ξλ = 0.9515λ. Thus, the half-life becomesτ 1/2 = 1.051τ 1/2 , i. e. 5.1 % prolonged. Namely,τ 1/2 = 6.59ns with τ 1/2 = 6.27 ns. The Mössbauer experiment gave 6)τ 1/2 = (6.95 ± 0.10) ns at T = 4.2 K. Recent experiment with time-delayed coincidence measurement at T = 5 K gives a preliminary result of τ 1/2 = (6.63±0.08)ns, while τ 1/2 = (6.39±0.17)ns in the case of no plate. 7) Thereby, the error should be reduced for the latter case. All these results obtained theoretically and experimentally agree each other. We can also calculate the prolonged lifetime when two parallel flat plates manufactured with different materials. The results are shown in Table 1 . §5. Conclusion
In this paper, we have shown that there is a possible process to change the nuclear lifetime, although it was so far believed to be unchangeable.
The previous investigation reports 8.7% increase of the lifetime of 133 Cs 81keV level at 4.2 K and negligible effect at room temperature. Those results are largely dependent on geometry and material of reflectors. Much rigorous experiments of the time delayed coincidence measurement with specific detectors of good timing performance as well as good energy resolution would be recommended to observe definitely the prolonged lifetime. 8) Spatial structure of vacuum field can also make a change of atomic and nuclear lifetimes. 9), 10) However, plausible effects would appear in much smaller space.
Our present process may be described by a Feynman diagram of self-energy type similar to the electron self-energy diagram, i.e. the source nucleus emits a photon and reabsorbs it. And the photon propagates in a free space. This process participates directly in construction of the nuclear energy level width, 11) and apparently different from the time evolution of nuclear radiation emission, so called "radiation trapping". 12) The latter process can be expressed by a Feynman diagram that a photon line is exchanged between two nucleon lines, i.e. resonance processes. And the photon propagates in the matter which makes a lot of complication.
It should be reminded here that the effect of decreasing the decay constant implies narrowing the energy level widths and, therefore, possibly sharpening the spectrum, i.e. improving accuracy of measurement, particularly in Mössbauer experiments. 
